Most cognitive effects of Organophosphate Pesticides (OP) are induced after exposure to parathion, chlorpyrifos and diazinon, which the usage has been restricted because of overt signs of their toxicities. In this study, we investigate whether developmental exposure to Malathion could impair spatial learning and recognition memory in male rats. Animals exposed by intragastric route, from in utero to young adult stage, to incremental doses of Malathion dissolved in corn oil; 100, 200 and 300 mg/kg of body weight, and one control group are given corn oil. Then, cognitive and behaveioral abilities are assessed using Barnes maze and object recognition memory task. Malathion administration at 300 mg/kg is toxic to pregnant dams, and pups are stillborns. Rats exposed to 200 mg/kg make a significant working memory error, and require more time to find an escape box during the initial training phase of Barnes maze. However, fewer errors are made in rats exposed to 100 mg/kg. For reversal learning task, the high dose group shows great deficits in spatial strategy to locate the new position of the box. With respect to recognition task, both dose 100 and 200 mg/kg impair significant short-term (2 h after habituation phase) object recognition memory, but long-term (24 h after habituation phase) recognition memory is intact in high dose group. The current study also reveals that all treatments induce high significant neocortex acetylcholinesterase (AChE) activity inhibition, but 100 mg/kg dose is not sufficient to disrupt great hippocampal activity alteration. These results suggest that developmental exposure to Malathion, despite low toxicity described, may induce late-emerging spatial learning and recognition memorialterations. Moreover, Cortical and hippocampal area that support strongly these behaviors remain sensitive to incremental doses of Malathion.
Introduction
Organophosphate insecticides (OP) are widely used in agriculture pest control in order to improve the quantity and quality of food production. However, they are also well-known as environmental contaminants occurred in crop products, water supplies, and in air. Thus, OPs exposure remains a factor of human hazard health, especially in young children population [1] [2] [3] . The Malathion insecticide is one of the most used OP in United States and throughout the world. As evoked by Maroni et al., Malathion is used in agriculture, veterinary practice and as ectoparasiticide applied against human body lice [4] . From chemical name [S-1,2(bis-ethoxycarbonyl)ethylO, O-dimethyl phosphorodithioate], Malathion exerts, through bioactive form malaoxon, its primary effect by phosphorylating the serine residue at the active site of acetylcholinesterase (AChE) [5] . This leads to an inhibition of this enzyme in neural tissues, and so resulting overstimulation of cholinergic synapse in central and peripheral nervous system [6, 7] . Although Malathion is considered as an OP relatively low acute toxicity, it could cause others high toxic OPs, a great risk for human and environmental health. Several studies have examined the possible association between occupational exposure to pesticides and certain types of cancer, particularly non-Hodgkin's lymphoma (NHL) and leukemia. It is difficult to establish association with specific pesticides because workers are exposed chronically to multiples compounds. However, exposure to Malathion was associated with increased risk of NHL in a study of men in Iowa and Minnesota [8] , of women in Nebraska [9] , and of men in Canada [10] . Moreover, in California, Malathion was the third most frequently reported pesticide and caused five times more occupational illness than the average pesticide [11] . Many biochemical and physiological effects of OP insecticide have been documented in man and animal. Malathion exposure has been shown to significantly decrease the sperm count of mice [12] . Aother study revealed that Malathion in subchronic exposure affects rat hepatic gluconeogenesis and glycogenolysis as well as inducing hyperglycemia [13] . Furthermore, the main target of OPs insecticide is the nervous system, and it has been suggested that chronic exposure to low-level of OP can interfere with normal neurodevelopment [14] . Clinical studies support the observation that cognitive, neurobehavioral deficits, and neurology diseases occurre in agricultural communities using widely OPs insecticides [15, 16] . In rats, previous study has shown that repeatedly exposure to Malathion induced depression-like behavior in Forced Swimming Test [17] . Acker, et al. [18] have also reported a decrease of motor coordination and muscular strength in rat pups exposed orally to Malathion, from post natal days (PND) 12 to 14. However, the most toxicology studies are focused on high toxic OP compounds such as Chlorpyrifos (CPF), Diazinon (DZN) and Methyl parathion (MPS). Their common effects on cholinergic system and its biomarker molecules have been demonstrated [19] [20] [21] . In addition, behavioral studies revealed that early postnatal exposure to CPF and MPS impaired memory functions [22, 23] . In contrast, scarce studies in this sense have been done for Malathion compound.
The interest of the current study is to assess recognition memory and spatial learning abilities in young male rats developmentally exposed to Malathion (i.e. from in utero through adolescence stage). We investigate also on AChE activity inhibition from hippocampal and neocortex area. Because, no studies have reported neurocognitive effects after developmental exposure to Malathion, discussion will made relative to high toxic OPs mentioned.
Materials and Methods

Chemical
Malathion was obtained from commercial grade: Malyphos 50 (active ingredients 500 g by liter). The Malathion concentration (50% purity) in commercial grade was diluted in corn oil. Acetylthiocholine iodide, 5,5-dithiobis-(2-nitrobenzoic acid) (DTNB) and others all chemicals were purchased from Sigma (USA).
Animals and Treatment
Twelve Wistar female rats, 4 months of age were obtained from a local breeding colony of Faculty of Sciences, Kenitra-Morocco. Rates were kept under standard condition, 12 h light/12 dark cycle, 20˚C ± 2˚C and 50% -70% humidity). They had access to commercial diet (ALF SAHEL-Casablanca, Morocco) and tap water ad libitum. After 2 weeks of acclimation, virgin rates and one-non-pesticide exposed male were bred in propylene cage covered by stainless steel mesh (70 × 40 × 65 cm). On gestational days six (GD 6), females were randomly divided in four groups of treatment. Then, three groups received by intragastric gavage incremental doses of Malathion insecticide dissolved in corn oil; 100, 200 and 300 mg/kg of body weight per day (Mal 100, Mal 200, Mal 300), and one control group (VEH) was given corn oil daily. Gestating females were treated from GD6 though post-partum day 21, rat pups were so exposed to Malathion via their mothers. On PND 21, weaned offsprings of each experimental group were submitted to similar dose regimens of preliminary protocol, and duration of treatment was extended to young adult stage (PND 45 -60) . Experimental procedures are also examined and approved by the internal ethical committee for animal welfare.
Physical Parameter Measurements
Beginning on PND1, physical signs of toxicity and body weight were daily recorded during treatment.
Behavioral Assessment
On PND60, after Malathion treatment period, recognition memory, spatial and learning memory were tested using the Novel object recognition task and Barnes Maze.
Novel Object Recognition (NOR) Task
The apparatus and procedure has been described elsewhere [24, 25] . The maze took place in open field box of polywood (50 × 50 × 40 cm 3 ), illuminated with halogen lamp (60 W). The NOR task is based on spontaneous tendency of animal to more interact with the novel object than the familiar. All rats were submitted to a habituation session in which they have freely explored the empty open field arena for 5 min. On following day, each rat is initiated to familiarization phase during 5 min. It consist to an exploration of two identical objects (A + A) positioned in two adjacent corners from 10 cm from the walls. In short-term memory (STM) test 2 h after familiarization phase, the rat is allowed 5 min to explore the field with a familiar object (A) and novel object (B) at the same position. Long-term memory (LTM) study is performed 24 h after familiarization phase; rat is led to visit again the apparatus in presence of the same familiar object (A) and other novel (C). Single set of three objects (A, B, C) presented similar texture but distinctive in color, sharps and size. The arena and objects are cleaned with ethanol 70%, after each training session to remove the olfactory cues. The Recognition Index (RI) indicates the ratio of novel object exploration time to the total of both novel and familiar object exploration time. It is the main index of retention. The concept of exploration of an object is defined as directing the nose at distance ≤1 cm to the object, and/or touching it with the nose. In contrast, turning around, sitting and climbing on the object was not considered as exploratory behavior.
Barnes Circular Maze
Memory and spatial learning were assessed in rodents with Barnes circular maze [26] . The apparatus and procedure adapted was a modification of Fedorova, et al. [27] and Greferath, et al. [28] . The maze consists of a white circular platform, 122 cm in diameter, raised to 50 cm above the floor level. The platform contains 18 holes (of 9 cm in diameter) evenly spaced around the circumference, but one of the holes was only connected to a removable escape box. Three visual cues on the walls, 50 cm around the maze, act as spatial cues. Each rat was preliminary given to one habituation session with the maze and existence of escape box, which the position remained constant throughout testing for a given animal. Habituation began by placing the rat in the center of the maze under a bucket in a room that was brightly lit (with halogen lamps of 500 W installed in the ceiling). After 10 s, the bucket was lifted and the rat was guided to locate escape box, then the buzzer was turned off and rat was allowed to remain for 1 min. On following days the habituation phase, initial training were conducted during 4 consecutive days (2 trial per days), under the same condition above, except that the rats needed to locate the escape box by themselves. Each trial ended when the rat entered the goal tunnel or after 5min elapsed. There was a 3 min inter-trial interval for each animal. Three weeks after training phase, the rats were subjected to locate a new position of escape hole opposite to original one during 5 consecutive days; that for testing the reversal learning ability. The maze was routinely cleaned with ethanol solution 20% after every trial to avoid olfactory cues. Trials were recorded with video track Logitech. Training was conducted using a working memory paradigm, that was evaluated by the total number of errors made and the escape latencies time associated [29, 30] . With respect to the reversal learning, we took also account the number of perseveration to explain deficits of news strategies elaboration. Perseverations were defined as repeat visits to the original hole or one of the two adjacent holes.
AChE Activity Assay
Rats are killed by decapitation 24 h after behavioral tests. Samples of brain correspondent to neocortex and hippocampus areas are removed and homogenized in buffer Tris/HCl (50 mmol/L, pH 7.3) and Sucrose (0.32 mol/L). The homogenate is centrifuged at 1000 xg for 15 min at 4˚C. AChE activity is assayed according to Elman method [31] , using acetylthiocholine iodide as a substrate. Reaction mixture contained 100 µL of supernatant, 4µL of substrate (75 mM), 15 µL of Dithiobisnitrobenzoic acid (DTNB as Ellman's reagent, 100 mM) and 3.0 ml of phosphate buffer (pH 8.0). The rate of Acetylthiocholine iodide hydrolysis is measured at 412 nm in spectrophotometer for 10 min. Brain AChE is expresses in percent of inhibition from control group [32] .
Statistical Analysis
All data were expressed as means ±S.E.M (Standard Error of Mean). Repeat measure and one-way analyses of variance (ANOVA) are used to assess difference between groups in physical and neurobehavior performances induced by developmental exposure to Malathion. Post hoc comparisons were made using Tukey's HDS test, when appropriate. Statistical significant was assumed at p ˂ 0.05.
Results
General Physical Observations
Malathion exposure at dosage 300 mg/kg (b.w) induced toxicity to pregnant dams, alls offsprings are stillborns during parturition. For others treated groups, no sign of toxicity such as body tremor, salivation, weakness and convulsion are observed. Repeated measure ANOVA shows a significant change in body weight gain between male rats study groups (p = 0.02). Tukey's post hoc test reveals that body weight in both treated-groups, "Mal 100" and "Mal 200", is significantly reduced (p ˂ 0.001) compared to VEH, but no difference is observed between them (data not shown).
Object Recognition Memory
In STM phase, the mean of RI (Recognition Index) is above the threshold of object recognition (50%) in VEH group. However, both treated-groups, Mal 100 and Mal 200 display similar performance on object exploration time; their RI mean is widely under the threshold of recognition (41% 
Memory and Spatial Learning
Developmental exposure to Malathion impairs significantly spatial memory in Barnes maze. During initial training period, rats of Mal 200 group perform better the first days than the others, as indicated by a reduction in latency time to find the escape box (Figure 2(a) ). On 3 following days, the control rats learn the escape box position faster than treated-groups. Repeated measures ANOVA shows the latencies time has increased significantly for Mal 100 and Mal 200 treated-rats [F(2,19) = 50.7; p ˂ 0.001], compared to VEH. However, no significant difference is observed between both treated groups (p > 0.05) (Figure 2(a) ). The increase of latencies times in treated-groups is accompanied by significant working memory errors committed. In initial training phase, the number of errors increases during for 4 testing days, in (Figure 2(b) ).
With respect to reversal learning phase, the Malathion treated-rats express again more difficulties to learn a new position of the escape box, opposite to original one. Rats of each study group began the firth trial day by taking similar time to find rapidly the escape box. But, we observe high significant increase of latencies time during the second, third and fourth days in treated-groups [F(2, 19) = 71, 58; p ˂ 0.001]. Tukey's post hoc test detects that control group are required lesser time to find the box than treated-groups (p ˂ 0.001). However, rats of "Mal 100" group have enhanced significantly their learning abilities compared to those of "Mal 200" (p ˂ 0.01) (Figure 3(a) ). As working memory errors made in initial training phase, more errors are occurred in treated-groups compared to control group. There are an increasing trend of number of errors committed in reversal learning phase with the regimen dose [F(2,19) = 39, 00; p ˂ 0.001]. Although, both treated-groups displayed similar number of errors on trial day one, the number of errors was significantly different in mal 100 group and compared to that of Mal 200, on following days (p ˂ 0.001) (Figure  3(b) ). Moreover, latency time and rate of errors number compared to VEH, but no difference between them (Figure 3(c) ).
AChE Activity Assays
Developmental exposure of Malathion to doses 100 and 200 mg/kg increases significantly neocortex AChE inhibition activity; +26% (p ˂ 0.001) and +46% (p ˂ 0.001) respectively, relative to control. Turkey post-hoc analysis detected that there is also great statistical difference between Mal 100 and Mal 200 groups (p ˂ 0.01). We also found a significant AChE activity inhibition in hippocampus +36% for " 
Discussion
In current study, except lethal dose of 300 mg/kg, our result indicates that developmental exposure to Malathion does not induce general signs of systemic toxicity as weakness, tremor or convulsion. However, doses of 100 and 200 mg/kg affected body weight in treated-rats significantly compared to control. Current outcome is consistent with that of past study showing significant reduction of body weight in young rats exposed to parathion (potential OP toxic) at PND8-20 [33] . This could probably due to the effect of Malathion as others OPs, which are caused cholinergic over stimulation, followed 
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by an increase of gastric motility and reduction of digestive tract absorption [34] . In contrast, recent study has revealed no weight loss in rats developmentally exposed (PND11-14) to the same dose of Malathion to ours [18] . These findings suggest that prenatal phase could be a sensitive period to developmental effects of Malathion on physical appearance.
Furthermore, the current experiment has shown that developmental exposure of Malathion disrupts recognition memory forming. In STM recognition task, both treated groups have spent lesser times to explore novel object than the control group. However, rats of Mal 200 group are significantly affected during long-term object recognition memory phase, relative to those of Mal 100 group. The under performances in rats receiving 200 mg/kg of Malathion are associated with high hippocampal AChE activity inhibition, evaluated at young adult stage. That reinforces the hypothesis that cerebral AChE inhibition caused by Malathion in rat pups may induce cognitive impairments, later in life. In fact, the object recognition test is based on the discrimination between familiar and novel stimulus and natural performance of subject who need to respond to "what" stimulus was used in experiment previously. Hippocampus plays so a pivotal role in encoding and consolidation of novel stimulus; this process leads to integration and reorganization of the already formed memories. Thereby, when an object is previously encountered and reactivated later, the hippocampus allows the discrimination between the old and novel object, and followed to the natural tendency of novelty preference [35] . In addition, the recognition index is significantly reduced during long-term phase evaluation, in group treated with 200 mg/kg. This index reflects the main index of object's recollection in the sense of familiarity with the feature of that particular stimulus. According to Reger, et al. [36] , hippocampus is involved in long-term object recognition. Thus, the long-lasting object recognition disability could be due to the significant alteration of hippocampus AChE activity. Our findings are consistent with a recent study that revealed the impairment of hippocampus-dependent object recognition in neonatal rats developmentally exposed to diazinon OP [37] . Besides, short-term object recognition has been linked to other medial temporal area as the perirhinal cortex [38] . Our results support that both level of 100 and 200 mg/kg induce significant deficits of object recognition memory, in rats evaluated 2 h after training phase. That leads to suggest that perirhinal cortex was inherently more vulnerable to developmental exposure of Malathion. In fact, perirhinal cortex is the first forebrain site of several environment information's entrance as visual, olfactory, and somatosensory stimulus, in which hippocampus receives inputs [39] . The important cholinergic transmission within perirhinal cortex also seems to play a critical role in object recognition [40] . During brain development, acetylcholine and cholinergic projections play a major role in proliferation, migration, synaptogenesis and in normal development of neural cell cytoarchitecture [41, 42] . However, it has been demonstrated that developmental exposure of OP including Malathion can interfere with the neurotransmitter function leading to neurodevelopment abnormalities [43, 44] . Considering that Malathion induced short-term object recognition deficit thought cholinergic system alteration, one possible explanation is resided in Slotkin, et al. study. They have pointed that neonatal rats exposed to parathion on PND 1-4 showed widespread abnormalities in cholinergic synaptic markers encompassing effect on brain region possessing cholinergic projection and cell bodies [19] . Although Malathion is relatively less hazardous toxicant (orally LD50 800 -1000 mg/kg), neurocognitive deficits could explain to long-term exposure of rat pups in current study. Eventual persistence effects of Malathion on cholinergic functioning can so recovery those of high toxic OPs. Moreover, past study has reported evidences of a possible involvement of hippocampal serotonin (5-HT) neurotransmission in memory processing, with using NOR test [45] . It has been shown that CPF insecticide OPs target serotonin synaptic neurochemistry [46, 47] . So, it could not exclude other noncholinergic effects on the neurobehavioral performances.
We have also investigated the effects of developmental exposure to Malathion on learning and spatial memory performances. The choice of Barnes maze has been done because it is less stressful and physically less taxing than others spatial mazes [48] . Our results show that initial spatial acquisition performances are significantly reduced during training days in rats exposed to both 100 and 200 mg/kg (Figure 2(a) ). They have expressed more time to find the escape box. That is accompanied by a significant increase of working error's number in rats of Mal 200 group. In fact, the initial acquisition as well as /or spatial memory consolidation seem heavily hippocampus-dependent, yet animal well-performance on Barnes maze is based on hippocampus functional integrity [49, 50] . Similar to our findings, previous study reported significant spatial acquisition disruption in male rats exposed to CPF, from in utero through early in life [22] . These deficits could be due to significant hippocampal AChE activity inhibition observed in cholinergic synapse of rats treated with Malathion. The catalytic function of AChE in neuronal transmission takes place when cholinergic synapses are clearly established. However, other role in neuronal morphogenic has been demonstrated [51] . During brain development, AChE plays an adhesion molecules role, and interacts with neurexin proteins leading to neural cytoarchitecture changes [52, 53] . In addition, these behavioral underperformances could be explained by Qiao, et al. study which reported evidences of synaptic cholinergic defects and more hippocampal cell biomarkers alteration, in neonatal rats exposed to CPF [54] . It has been also suggested that OP including Malathion exposure may change neuronal connectivity in the developing brain [52] . Previous study showed that Malathion exposure induces decrement effect on dendritic morphology of hippocampal CA1 neurons [55] . Thus, the reduction of neurogenesis rate could be a major explanation of disruption of spatial memory consolidation, as evoked by Sarkisyan, et al [56] . We find also that Malathion level at 200 mg/kg appeared to produce greater deficits in working memory than did 100 mg/kg. Our outcomes are consistent with previous researches that reported only high exposure OP including CPF induced impairment of working memory in male rats [22, 57] . In animals exposed to low level of Malathion, the hippocampal AChE inhibition is slower than the rats exposed to high dose. However, they are performed significantly worse than control. That may suggest that other non-cholinergic mechanisms are involved in initial spatial learning.
After 3 weeks from initial training days, we have assessed rat's ability to learn a new location of the escape, in reversal learning task. This task requires learning new search strategies by suppressing the execution of the previous learning. It also evaluates also adaptive behaviors of rodents in novel environmental situation. In current study, rats developmentally exposed to both levels of Malathion have expressed great difficulties to learn new strategies (Figures 3(a) and 3(b) ). That is associated to a number of errors and perseveration significantly elevated, relative to controls. However, the rats treated with low level of Malathion have performed better. In reversal learning task, spatial strategies do not require only involve menthippocampus functional integrity, but also prefrontal cortex and nucleus accumbens [58, 59] . Prefrontal area is an important component of frontal lobe involved in conception, choice and execution of a planning. In Barnes maze, the selection of news spatial strategies are based on spatial memory that requires control executive processes like attention. But, the accumbens nucleus has been identified as a critical site in the neuronal circuit controlling motivation and mood [60] , and mediating adaptive behaviors in rats [61] . In current study, we have found that developmental exposure to Malathion elicited significant cholinergic activity changes in cerebral cortex area. Aother study finds similar finding in frontal cortex in males rats exposed to DZN [62] . In additional, Campaña, et al. [55] reported evidences of significant decrement on dendritic morphology in prefrontal cortex neurons (PFC), also on the dendritic spine density from nucleus accumbens, in mice exposed to Malathion. The inactivation of PFC lead to impairment of reversal learning in the rats when they ceased the using of previously acquired responses, as described in visual discrimination reversal learning task [63] . Besides, other authors have reported the reduction in dopaminergic transmission system in ventral striatum produced reversal learning deficits. In fact, accumbens nucleus is a component of striatum area that is implicated in reward, motivation (ventral part), motor skills and cognitive control (dorsal part), specifically in learning of stimulusresponse association [64, 65] . Repeat exposure to paraquat OP is well known to trigger neurodegeneration of dopaminergic system in nigra substantial, the principal provider of dopamine in striatum [66] .
From these current findings, developmental exposure to Malathion leads to spatial learning and object recognition memory impairments, in male rats' studies. The behavioral deficits could be explained by brain AChE activity disruption induced in treatment groups. This animal model's study may reinforce the hypothesis of relationship between environmental toxicant and neurodegenerative disease occurrence in agricultural communities. However, some immunohistochemistry investigations are required to elucidate further results obtained.
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